OBJECTIVEdTo evaluate the effect of type 2 diabetes on the clinical course and prognosis of women with ST-segment elevation myocardial infarction (STEMI) and diabetes.
T he increasing prevalence of type 2 diabetes represents a strong and independent coronary risk factor that increases cardiovascular morbidity and mortalityda leading cause of death among patients with type 2 diabetes. The available evidence indicates that cardiovascular disease develops significantly more frequently and markedly earlier in patients with diabetes than among patients without type 2 diabetes. It is well known that the risk of coronary artery disease in the general population of middle-aged men is 2.5-fold higher than in women, who develop cardiovascular disease ;10 years later (1) . A number of studies have shown that type 2 diabetes-related increases in cardiovascular risk are greater in women than in men (2, 3) . However, some researchers have questioned the reversal of the female advantage in populations with diabetes, especially after adjusting for classic coronary risk factors (4) . Type 2 diabetes not only increases the risk of acute coronary syndrome (ACS) but also significantly aggravates the course of myocardial infarction and worsens the prognosis, as shown in a number of randomized and observational studies. Recent progress in thrombolytic treatment and primary percutaneous coronary intervention (pPCI) has significantly improved the prognoses of patients with ST-segment elevation myocardial infarction (STEMI). However, despite technological advances in myocardial revascularization and treatment, the mortality among patients with diabetes with ACS is still significantly higher, especially among women, compared with patients without diabetes. Although patients with diabetes make up a significant proportion of patients with STEMI, clinical studies relatively rarely address differences in the course of myocardial infarction in patients with diabetes, and even less often in women with diabetes. This may be a result of the generally insufficient participation of women (at most, 30% of the study population in the last century) in the majority of significant trials; this underrepresentation has influenced the formulation of the currently available standards and guidelines (5) (6) (7) . Therefore, national registries provide valuable information on the true scale of the problem in any given country. The Polish Registry of Acute Coronary Syndromes (PL-ACS) (8) contains unique data that are useful for epidemiological analysis and provide information regarding various treatment strategies and their efficacy in the population of Polish women with type 2 diabetes and ACS. Therefore, an analysis of the clinical differences and prognoses of these high-risk patients with STEMI is warranted.
RESEARCH DESIGN AND
METHODSdWe analyzed data from 26,035 patients with STEMI admitted consecutively to 456 hospitals in Poland between 1 June 2005 and 31 May 2006. The data on their hospitalization were obtained from the PL-ACS. The registry's methodology and an analysis of the first 100,193 patients have been previously described (8) . In brief, the PL-ACS registry is an ongoing, nationwide, multicenter, prospective, observational study of consecutively hospitalized Polish patients representing the entire ACS spectrum. The registry is a joint initiative of the Silesian Center for Heart Diseases and the Polish Ministry of Health. A detailed protocol with inclusion and exclusion criteria, methods and logistics, and definitions of all of the fields in the registry dataset was prepared before the registry was started. All admitted patients with suspected ACS were screened for their eligibility to enter the registry, but they were not enrolled until ACS was confirmed. STEMI was defined as the presence of both 1) ST-segment elevation consistent with an infarction of $2 mm in the contiguous chest leads and/or ST-segment elevation of $1 mm in two or more standard leads or new left bundle branch block and 2) positive cardiac necrosis markers. The skilled physicians who were in charge of each individual patient collected the data. Internal checks for missing or conflicting data and values markedly out of the expected range were implemented using the registry software. In the Silesian Centre for Heart Diseases data management and analysis center, further edit checks were applied if necessary. The exact dates of deaths from all causes were obtained from the official mortality records of the National Health Fund. The vital status at 12 months after the STEMI was available for all of the patients who were included in this analysis.
According to protocol, patients with diabetes were identified as those with known (treated or not) type 2 diabetes prior to admission or with type 2 diabetes diagnosed during hospitalization (except transient glucose intolerance in relation to ACS). The distinction between new-onset diabetes and transient glucose intolerance in relation to ACS was left to the judgment of the attending physician with respect to the current guidelines. No patients were routinely screened for the presence of diabetes at discharge. We compared baseline clinical characteristics, treatment strategy, pharmacotherapy, and outcomes among women with and without type 2 diabetes and men with diabetes, with a special focus on the impact of the treatment strategy on early and 12-month mortality. Multivariate analysis in the entire study population of women was performed to assess the effect of type 2 diabetes on in-hospital and 12-month mortality. Additionally, multivariate analysis was performed separately in women with diabetes. The variables included in the multivariate analyses were the following: age, arterial hypertension, hypercholesterolemia, smoking, obesity, anterior myocardial infarction, sudden cardiac arrest prior to admission, previous myocardial infarction, Killip class upon admission, multivessel coronary disease, and reperfusion strategy.
Statistical analysis
Continuous variables are reported as mean 6 SD or median and interquartile range, as appropriate. Categorical variables are expressed as numbers (percentages). Student t tests or, when the assumption of normality was violated, Mann-Whitney U tests were used for the comparison of continuous variables. For the comparison of categorized variables, the x 2 test was used. Follow-up mortality was analyzed using the Kaplan-Meier method, and the differences between groups were compared with log-rank tests. In the multivariate analyses, a multivariate logistic regression was used for in-hospital mortality, and multivariate Cox proportional hazards regression model was used for 12-month mortality. The results of these analyses are presented as odds ratios or hazard ratios with 95% CIs. A two-sided P value #0.05 was considered significant. For all calculations, STATISTICA 7.1 software (StatSoft, Inc., Tulsa, OK) was used.
RESULTSdAmong the STEMI patients, type 2 diabetes occurred in 5,346 (20.5%) subjects and was significantly more frequent in women than in men (28 vs. 16.6%; P , 0.0001). The proportion of women was larger among patients with diabetes than among patients without diabetes (47.1 vs. 31.3%; P , 0.0001). Women with diabetes were older by a mean of 2.7 years than women without diabetes and by a mean of 6.2 years than men with diabetes. Among women with STEMI, type 2 diabetes was predominant in the age range of 60-90 years, whereas women without diabetes were observed more often in the age-groups of 20-60 and .90 years. Women with diabetes had worse clinical profiles (versus women without diabetes), including significantly more frequent arterial hypertension, hypercholesterolemia, obesity, and previous myocardial infarction. However, they were less frequent smokers. Compared with men with diabetes, they more frequently had arterial hypertension and obesity, whereas men were significantly more frequent smokers and had more previous myocardial infarctions (Table  1) . Women with diabetes were more frequently admitted to noncardiology wards, and their hospitalization lasted 1 day longer on average. They were significantly less frequently admitted within the first 3 h after onset of chest pain, with the longest delay to admission being .12 h out of the large number of women. The presence of type 2 diabetes was associated with a worse course of myocardial infarction in women. They were more frequently admitted with cardiogenic shock and pulmonary edema, more often developed in-hospital cardiac arrest, and more often had lower left ventricular ejection fractions. Compared with men with diabetes, women with diabetes more frequently had pulmonary edema and inhospital cardiac arrest but less frequently had out-of-hospital cardiac arrest. During hospitalization, atrial fibrillation was relatively more frequent in women with diabetes, and these women had the highest heart rate compared with the other analyzed groups. Compared with women without diabetes and men with diabetes, women with diabetes underwent coronary angiography the least often. Among patients without diabetes, atherosclerotic lesions were significantly less severe in women than in men (more frequently had normal coronary arteries and singlevessel disease and less frequently had double-vessel or multivessel disease). In women, the use of a conservative strategy was the most frequent, whereas invasive strategies, including pPCI, were least frequently used. Stent implantation percentages were similar in all study groups. There were no significant differences in the frequency of thrombolytic treatment. The presence of type 2 diabetes in women was associated with increased onset-toneedle time by 30 min on average and increased onset-to-balloon time by 18 min. There were no between-group differences in thrombolysis in myocardial infarction (TIMI) grade flow prior to PCI. In women with diabetes, TIMI flow grade 0 after PCI was more frequent than in women without diabetes. During hospitalization, women with diabetes were more frequently treated with acetylsalicylic acid, heparins, b-blockers, calcium (Ca) blockers, statins, ACE inhibitors (ACE-i), nitrates, diuretics, and insulin, but they less often received thienopyridines or clopidogrel than women without diabetes. Compared with men with diabetes, women with diabetes less frequently received thienopyridine derivatives (ticlopidine and clopidogrel), unfractionated heparin, b-blockers, or statins, but they more often received low-molecular-weight heparin (LMWH), Ca blockers, nitrates, diuretics, and insulin. At discharge, women with diabetes were less often prescribed thienopyridines in general or clopidogrel and were more frequently prescribed acetylsalicylic acid, statins, ACE-i, Ca blockers, nitrates, and diuretics, compared with women without diabetes. Compared with men with diabetes, they received thienopyridines, clopidogrel, b-blockers, and statins significantly less often but more frequently received Ca blockers and nitrates. Women with diabetes had the poorest early and 12-month prognoses and the highest in-hospital, 6-month, and 1-year mortality rates. Survival at 1 year after a myocardial infarction was lowest in women with diabetes; only 71.5% survived, compared with 80.6% of women without diabetes and 78.9% of men with diabetes (Table 1 and Fig. 1) . Analysis of the impact of treatment strategy on early and 12-month mortality indicated that, regardless of the method of treatment, women with diabetes had higher mortality rates when compared with women without diabetes. However, an invasive strategy was associated with the lowest early and 12-month mortality rates in both study groups (Table 2) . In multivariate analysis, type 2 diabetes was a significant independent predictor of higher in-hospital and 12-month mortality in women with STEMI ( Table 3 ). Factors that increased the risk of both early and 12-month mortality in women with diabetes included age, cardiogenic shock or pulmonary edema on admission, and anterior myocardial infarction. Multivessel coronary disease was a significant risk factor for 1-year mortality in women with diabetes. Primary PCI was significantly associated with lower 1-year mortality in women with diabetes.
CONCLUSIONSdIn the PL-ACS registry, the percentage of patients with diabetes among patients with STEMI (20.5%) is comparable with the percentages in other registries including type 2 diabetes, which was identified in 19-23% of patients with ACS (2) and in 21% of patients with STEMI in the Global Registry of Acute Coronary Events (GRACE) and the Euro Heart Survey of Acute Coronary Syndromes (EHS-ACS), respectively (6,9,10). The increased percentage of type 2 diabetes in women compared with men with coronary artery disease and the higher proportion of women among patients with diabetes compared with patients without diabetes were comparable with the results of other investigators (6, 7) . Previous analysis of the PL-ACS data (11) revealed that type 2 diabetes is a significant independent factor for in-hospital and 1-year survival among women with STEMI. Women with diabetes had the worst early and 12-month outcomes after myocardial infarction when compared with other patient subgroups. Women with diabetes had undoubtedly worse clinical profiles, which is in accord with the results of most of the studies performed in patients with myocardial infarction and type 2 diabetes (6, 7, (12) (13) (14) . The observation that the prevalence of type 2 diabetes increases with age and then declines, likely due to premature death as a result of early type 2 diabetes complications (15) , is concordant with our analysis of the age structures in women with and without diabetes. For our population, increasingly high prevalences of obesity and arterial hypertension and decreasing rates of smoking typically do occur with age (16) (17) (18) . Surprisingly, in the multivariate analysis of women with STEMI, none of the known risk factors except for age was a significant predictor of mortality, irrespective of type 2 diabetes. Nonetheless, similar paradoxes have already been reported (19) (20) (21) . Taking into account the unquestionable benefits of reperfusion therapy for STEMI in patients with diabetes, one of the reasons for their poorer prognoses may be the fact that women with diabetes, despite their complex profiles, are "discriminated against" regarding the use of modern medical treatments. The registry indicated that as many as 45.2% of women with diabetes received only conservative treatment and that they were significantly less frequently selected for coronary angiography and pPCI. The fact that every second woman was not offered any reperfusion therapy likely led to significant clinical implications and resulted in the poorer prognosis of this group. The time delays from the onset of symptoms to admission and from admission to treatment and hospitalization in a noncardiology ward have been reported to be responsible for the large discrepancy in the use of treatment strategies (22) (23) (24) (25) . Against recommendations, paradoxically, a less frequent use of reperfusion therapy in patients with diabetes was noted in many of the earlier registries than in studies performed in the fibrinolysis era or after the introduction of modern invasive treatments (6, 9, 26, 27) . Unfortunately, most of these studies did Data are n (%) unless otherwise stated. *P values for in-hospital mortality were calculated by the x 2 test, and the P values for 30-day, 6-month, and 12-month mortalities were calculated by the log-rank test and KaplanMeier method. **Conservative treatment means that patient received neither thrombolysis nor urgent coronary angiography. not contain separate information on women with diabetes. Our multivariate analysis indicated that pPCI within 12 h after the onset of chest pain was an independent factor to improve the in-hospital and long-term prognoses of women in general and of women without diabetes, whereas in women with diabetes, only 12-month survival was improved. Although in many studies, reperfusion therapy was equally effective in patients with and without diabetes (12, 28, 29) , a worse prognosis was noted for patients with diabetes than for subjects without diabetes, despite the comparable efficacy of the therapy to restore blood flow in the infarct-related arteries defined as TIMI grade 3 (12, 27, 29) . In patients with diabetes, no ST-segment resolution or low myocardial blush grades are found significantly more often; these indicate worse myocardial perfusions (13, 28, 30) . In the PL-ACS registry, among women with STEMI post-procedural TIMI grade 3, flow was similar in both groups, confirming the high direct efficacy of invasive treatment in accordance with the above-quoted results. Among patients without diabetes, men had more severe coronary atherosclerosis, whereas among patients with diabetes, there were no significant sex-related differences. However, the presence of type 2 diabetes in women was associated with the progression of atherosclerosis. A significantly lower percentage of normal coronary vessels and of single-vessel disease and a higher percentage of triple-vessel disease were noted. The more advanced atherosclerosis of women with diabetes was another significant factor predicting a worse prognosis, in accordance with the results of the multivariate analysis. It is known that significant lesions in vessels other than the infarct-related arteries lead to global left ventricular impairment and increase the prevalence of pulmonary edema and cardiogenic shock (31, 32) . Additionally, in the PL-ACS registry, the course of STEMI in women with diabetes was significantly more frequently complicated by shock, pulmonary edema, and more severe cardiac injury, which are all associated with poorer prognosis. These trends were confirmed in a multivariate analysis showing that Killip class 3 or 4 is the most important predictor of in-hospital and 12-month mortality in women with diabetes, consistent with the findings of others (32, 33) . Women with diabetes significantly more frequently had higher heart rates, atrial fibrillation, and intraventricular conduction disorders, which have been shown to be significant predictors of outcomes after myocardial infarction (34) (35) (36) . Although in light of the present knowledge it may be expected that women with diabetes are more prone to bleeding complications, the registry showed that type 2 diabetes was associated with higher rates of bleeding in men but not in women. This fact may be partly accounted for by the less frequent use of invasive strategies and clopidogrel in women with diabetes. Although patients with diabetes benefit relatively more from the recommended pharmacotherapy, in practice, they frequently receive less optimal treatment. The fact that other registries have reported the more frequent use of acetylsalicylic acid, b-blockers, ACE-i, and statins in women with diabetes (6, (37) (38) (39) is promising. However, among patients with diabetes, b-blockers and statins were used significantly less frequently in women, which may partly account for the differences in mortality. Less frequent administration of glycoprotein IIb/IIIa inhibitors and suboptimal use of clopidogrel could also have a major effect on the outcome. In women with diabetes, nitrates and Ca blockers were also excessively used, although the use of Ca blockers is not currently recommended. These notable disparities in treatment strategies have previously been studied in detail in our population, and no reliable explanation was given aside from a few speculations, leading to the conclusion that women with STEMI are generally older and have more concomitant diseases than men. Whether this is the only reason for their conservative management and underuse of modern drugs remains unknown (11) . Multivessel coronary artery disease in patients with diabetes remains a classic indication for coronary artery bypass grafting (CABG). This guideline is constant and sustained, even in the era of drug-eluting stents and advanced PCI techniques (40) , regardless of the continuing discussion over the superiority of either method of revascularization. However, this concerns the great majority of patients with stable angina who are scheduled for planned procedures after careful invasive and noninvasive assessments of ischemia. In the setting of STEMI, emergency CABG is allowed only in cases in which the coronary anatomy precludes PCI success or during which the PCI was not effective, leaving a large amount of myocardium at risk. In such cases, surgical revascularization can be completed in the initial 4 h (41). This is the main reason that CABG was the most infrequent option chosen in our study group. The disproportionate number of patients referred for CABG (emergent or staged) discourages us from performing analyses of PCI versus CABG in this group.
Our analysis has several limitations, which may bias its conclusions. First, this was not a randomized trial. Second, the treatment strategies were not defined by any protocol but were left to the discretion of the physician, according to current guidelines. Third, there was no routine oral glucose tolerance testing prior to discharge to identify subjects with prediabetes; this may have resulted in an unintentional decrease of the sample size and, therefore, an underestimation of the observed effects. Moreover, the registry does not include data on the myocardial perfusion grade; rather, we only analyzed the TIMI grade. There was also no follow-up for the prevalence of contrast-induced nephropathy, which constitutes an important but delayed complication of invasive treatment in patients with diabetes (42) .
To conclude, women with diabetes had a worse clinical profile than women without diabetes and men with diabetes. The presence of type 2 diabetes was significantly associated with more advanced atherosclerosis in the coronary arteries. Type 2 diabetes is a significant, independent predictor of in-hospital and 1-year mortality in women with STEMI. The other independent factors that significantly increased the risk of in-hospital or 1-year mortality in women included age, cardiogenic shock or pulmonary edema, and anterior myocardial infarction. Although pPCI significantly improved 12-month outcomes in women with diabetes, it was used significantly less frequently compared with women without diabetes and men with diabetes.
